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(57) ABSTRACT

A composite product substantially reduced the impact force
imposed by hard impactor which travelled at the speed 1n the
range of 400 m/s to 1400 m/s simultaneously damping the
vibrations and shocks appeared therein 1s disclosed. At the
same time it 1s light weight with the weight lower than that
of 22 to 38 kg/m2and 1s tlexible to adopt the shape suitable
for the end applications. A method of manufacturing the

composite product of the mvention 1s also disclosed.
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COST-EFFECTIVE AND ECO-FRIENDLY
COMPOSITE PRODUCT WITH ROBUST
IMPACT STRENGTH

RELATED APPLICATIONS

This application claims priority under 35 U.S.C. § 119 to
IN Application 202021019490, filed May 7, 2020 such IN

Application also being incorporated by reference herein in
its entirety.

FIELD

The present invention in general relates to the material
engineering technology field.

BACKGROUND

The present invention 1s an improvement over the com-
posite products claimed in the Indian Patent Application No.
201621020446 filed on 15 Jun. 2016 (also published as
WO02017/216809) and Indian Patent Application No.
201821031691 filed on 24 Aug. 2018. The prior art refer-
ences mentioned therein, the composite products and the
pultrusion process for continuous production of the com-
posite pultruded products from the said patent applications
are 1ncorporated herein entirety as reference.

The composite product disclosed in the Indian Patent

Application No. 201621020446 filed on 15 Jun. 2016 (and
the related PCT publication WO2017/216809 published on
21 Dec. 2017) has impact strength 1n the range of 50 to 79
MPa. This 1s not suflicient for certain applications which
need to impede 1mpactors or projectiles travelling at high
speed or 1n aerospace, automotive, construction, any other
applications, etc.

To improve the impact strength and to reduce the weight,
we had developed the honeycomb closed cellular product
having robust impact resistance yet being light weight and
lower 1n cost which 1s very well disclosed 1in Indian Patent
Application No. 201821031691 filed on 24 Aug. 2018. The
composite product disclosed therein has the reduced stress 1n
the range of 601 to 691.85 MPa and deformation of 466.52
to 551.37 mm which reflects robust impact resistance and
shock dissipation. However, this product 1s not flexible.

In the applications such as aerospace, automotive, con-
struction, and to the articles which impede impactors or
projectiles travelling at high speed, etc, fracture mechanisms
during high-speed impact are very complicated and occur 1n
an extremely short time; therefore, no single property has
direct correlation with high impact performance. Micro-
structural features, such as grains, strongly influence crack
propagation and energy dissipation mechanisms, hence they
aflect the high impact performance. Therefore, these fea-
tures must be also considered 1n addition to material prop-
erties. Research 1s continuously being carried out to enhance
the performance simultaneously reducing weight by improv-
ing the dissipation of the impact energy, minimising the
damage arca and damping of the wvibration and shock
appeared by high impact.

Thus, there 1s continuous need to develop a composite
product which substantially reduces the impact force and
damps the vibrations and shocks appeared by high impact at
the same time 1t 1s light weight and flexible to adopt the
shape suitable for end applications.

SUMMARY

Thus, a primary object of the present invention 1s to
provide a composite product which substantially reduces the
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2

impact force of the high-speed projectiles or impactors and
damps the vibrations and shock appeared by the impact of
the high-speed projectiles or impactors at the same time 1t 1s
light weight and flexible to adopt the shape suitable for end
applications.

Another object of the present invention 1s to provide the
composite product which substantially reduces the impact
force imposed by the hard projectiles or impactors which
travels at the speed 1n the range of 400 m/s to 1400 m/s
simultaneously damping the vibrations and shock appeared
therein.

Yet another object of the present invention 1s to provide
the composite product which uses waste such as recycled
polyethylene terephthalate (PET) bottle felts, used HDPE
woven bags and/or sacks and waste of composite product as
claimed in Indian Patent Application No. 201621020446,
thereby making the ivention eco-iriendly and green.

Yet another object of the present invention 1s to provide
the composite product which substantially reduces the
impact force of the high-speed projectiles or impactors and
damps the vibrations and shock appeared by the impact of
the high-speed projectiles or impactors at the same time 1t 1s
light weight and flexible to adopt shape suitable for end
applications, wherein the product 1s cost-eflective.

Still another object of the present invention 1s to provide
the composite product which 1s light weight where the
weight does not exceed 25 to 35 kilograms per square meter
(kg/m2).

Still yet another object of the present invention 1s to
provide the light weight and tlexible panels or the articles of
predefined shape and dimension with high impact strength
and 1improved damping behaviour.

An additional object of the present invention 1s to provide
a method of manufacturing the light weight and flexible
composite product with high impact strength and improved
damping behaviours.

The claimed 1nvention provides a composite product, as
defined 1n claim 1, and further provides a method of manu-
facturing said composite product, as defined 1n claim 9.

In one embodiment the composite product includes at
least one of layer (a) or layer (b), plus layer (c), plus layer
(d). It may usetully be that the first layer 1s at least one of
layer (a) or layer (b); and this first layer 1s adjacent to a
second layer which 1s layer (d), which 1s then adjacent to a
third layer which 1s layer (c).

In one embodiment the composite product includes all
four of the layers (a)-(d) and also layer (e). In another
embodiment the composite product includes only one out of
layer (a) or layer (b), plus layer (¢), plus layer (d), and also
layer (e).

In one embodiment the method includes manufacturing at
least one of the layers (a) and (b) by the method steps 1) and
11) respectively, and also manufacturing the layers (¢) and (d)
by the method steps 111) and 1v) respectively, and also
providing layer (e) by the method step v).

In one embodiment the method 1s used to make a first
layer that 1s at least one of layer (a) or layer (b) using step
1) or 11) respectively; to make a second layer which 1s layer
(d) by method step 1v) and where the second layer 1s adjacent
the first layer; and to make a third layer which 1s layer (c) by
method step 111) and where the third layer 1s adjacent the
second layer.

In one embodiment the method includes manufacturing
all four of the layers (a)-(d) by the method steps 1)-1v)
respectively, and also providing layer () by the method step
v). In another embodiment the method includes manufac-
turing only one of the layers (a) or (b), by the method step




US 11,685,136 B2

3

1) or 11) respectively, and also manufacturing the layers (c)
and (d) by the method steps 111) and 1v) respectively, and also
providing layer (e) by the method step v).

Benefits of the claimed composite product include that:
the composite product substantially reduces the impact force
of the high-speed projectiles and damps the vibrations and
shock appeared by the impact of the high-speed projectiles,
and at the same time 1t 15 light weight and tlexible to adopt
the shape suitable for the end applications.

Surprisingly, 1t was found that

1) It 1s important and critical to use a waste of hybrid
composites 1n powder form to make the first thermoset
composite layer to sustain impacts;

2) It 1s also important and critical to prepare small blocks
of predefined shape from the waste powder of hybnd
composites or ceramic and these blocks are interlocked
to form the first thermoset composite layer which
sustain 1mpacts and eliminates weak joint formation;

3) It was observed that when these small blocks of
predefined shape are joined simply 1n X-Y plane direc-
tion then the joints formed are fragile and weak and
cannot sustain the impact;

4) The shape and configuration of the hexagonal units and
theirr arrangement 1 X-Y plane direction to form a
single layer or an upper layer and or/lower layer; the
manner in which these two layers are overlapped so
that each common vertex of three adjacent hexagonal
units of the one layer 1s superimposed at the centre of
the hexagonal unit of the lower layer; compressing
upper layer the several hexagonal units which are
surface treated with the bonding agent, the thin com-
pounded rubber middle layer and the lower layer the
several hexagonal units which are surface treated with
the bonding agent fused by compression moulding
without deviating X-Y plane arrangement are very
important to achieve impact strength for being the first
layer; and

5) It 1s 1mportant to place first, the thermoset composite
layer of the waste powder of hybrid composites or
ceramic being upper layer or first, a layer (b) of at least
one layer comprising several hexagonal units of glass
fabric impregnated with epoxy resin being surface
treated with bonding agent arranged 1n a X-Y plane
direction fused with a thin layer of compounded rubber
being upper layer followed by a layer (d) being a
second layer backing to the first layer comprising a

layer of the composite product and lastly a composite

layer (¢) being a third layer (i.e. lower layer) and

backing second layer comprising two layers, one layer
comprising multiple fused layers of surface treated
used HDPE woven bags and/or sacks with a solvent-
based elastomeric adhesive layer or stitched multiple
layers of used HDPE woven bags and/or sacks and
second layer comprising stitched multiple layers of
recycled PET bottles felt or mat and finally enclosed the
three layers 1n the specific sequence 1n the fabric 1.e. the
specific constructed layer and their sequence;

are critical to achieve the impact strength, improved
damping behaviour, flexibility and light weight characteris-
tics of the composite product of the invention.

The composite product of the mmvention substantially
reduces the impact force of the high-speed projectiles and
damps the vibrations and shock appeared by the impact of
the high-speed projectiles at the same time 1t 1s light weight
and flexible to adopt the shape suitable for the end applica-
tions. Specifically, the composite product of the mmvention
substantially reduces the impact force imposed by the hard
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impactor which travels at the speed in the range of 400 m/s
to 1400 m/s simultaneously damping the vibrations and
shock appeared therein. The composite product of the mnven-
tion 1s a light weight product with the weight that does not
exceed 22 to 38 kg/m2. It 1s flexible to adopt the shape
suitable for the end applications. It has a thickness of at least
22 mm.

According to one of the embodiments of the invention,
there 1s provided the composite product;

said product comprising at least three layers selected
from:

(a) a thermoset composite layer (a) made of: a powder of

waste hybrid composites or ceramic;

(b) a layer (b) comprising: at least one layer comprising
several hexagonal units of glass fabric impregnated
with epoxy resin system and being surface treated with

bonding agent, arranged 1n a X-Y plane direction and

fused with a thin layer of compounded rubber; or at

least two layers that comprise several hexagonal units
of glass fabric impregnated with epoxy resin system
and being surface treated with bonding agent, arranged
in a X-Y plane direction and fused with a thin middle
layer of compounded rubber;

(c) a composite layer (¢) comprising two layers, wherein
a first layer comprises: fused multiple layers of used
HDPE woven bags and/or sacks with a solvent-based
clastomeric adhesive layer; or stitched multiple layers
of used HDPE woven bags and/or sacks; and wherein
a second layer comprises: stitched multiple layers of
recycled PET bottles, felt or mats;

(d) a planar composite layer (d) made of a composite
product comprising: a core of synthetic polyester felt
impregnated with a resin system, said core being
encapsulated between bi-directionally and/or uni-direc-
tionally oriented synthetic fabric which 1s selected from
polyester, carbon, aramid, glass, basalt and mixtures
thereol and which 1s impregnated with a resin system;
and further comprising:

(¢) an upper superior layer of a fabric, encapsulating said
at least three layers selected from layers (a) to (d), to
form a composite product;

the composite product substantially reduces the impact
force of the high-speed projectiles and damps the vibrations
and shock appeared by the impact of the high-speed pro-
jectiles at the same time 1t 1s light weight and flexible to
adopt the shape suitable for the end applications.

Typically, the composite layer (¢) comprising two layers,
one layer comprising fused/stitched multiple layers of used
HDPE woven bags and/or sacks and second layer compris-
ing stitched multiple layers of recycled PET bottles felt or
mats; said two layers are stitched together.

Typically, the composite product of the mvention com-
prises first thermoset composite layer (a) of the waste
powder of hybrid composites or ceramic being upper layer;
or first layer (b) comprising at least one layer or at least two
layers comprising several hexagonal units of glass fabric
impregnated with the epoxy resin system being surface
treated with bonding agent arranged 1in a X-Y plane direction
fused with a thin layer of compounded rubber being upper
layer; a second layer backing to the first layer, composite
layer (d) of the composite product; and third layer being
lower layer and backing second layer, the composite layer
(c) comprising two layers, one layer comprising fused/
stitched multiple layers of used HDPE woven bags and/or
sacks and second layer comprising stitched multiple layers
of recycled PET bottles felt or mat.




US 11,685,136 B2

S

Typically, the at least three layers are enclosed in the
specific sequence 1n the fabric to obtain the composite
product of the mvention.

According to another embodiment of the invention, there
1s provided a method of manufacturing the composite prod-
uct of the invention; wherein said method comprises manu-
facturing at least three layers selected from layers (a) to (d),
which are prepared according to the steps (1) to (1v) respec-
tively:

1. manufacturing the thermoset composite layer (a) by

either compression moulding the powder of the waste
hybrid composites along with epoxy resin system, or
hot pressing of ceramic, into predefined shaped blocks,

followed by interlocking a first set of blocks with a
second set of blocks through operatively downward
sloping and outward facing planar surfaces;

11. manufacturing either: the layer (b) comprising at least
one layer comprising several hexagonal units of glass
fabric 1mpregnated with epoxy resin system being
surface treated with bonding agent arranged 1mn a X-Y
plane direction fused with a thin layer of compounded
rubber by impregnating a glass fabric with epoxy resin
system followed by compression moulding or punching
to obtain hexagonal units, surface treating of the hex-
agonal units with a bonding agent, arranging the sev-
eral hexagonal units surface treated with the bonding
agent 1 the X-Y plane direction where two edges of
cach hexagonal unit share with two immediate adjacent
hexagonal umts in X-direction while remaining four
edges share with four immediate adjacent hexagonal
units placed vertically 1n the Y-direction to form a layer
comprising several hexagonal units, placing one thin
layer of the compounded rubber over the layer com-
prising several hexagonal units and fusing the layer
comprising several hexagonal units and the thin com-
pounded rubber by compression moulding; or manu-
facturing the layer (b) comprising of at least two layers
comprising several hexagonal units of glass fabric
impregnated with epoxy resin being surface treated
with bonding agent arranged 1n a X-Y plane direction
fused with a thin layer of compounded rubber by
impregnating a glass fabric with epoxy resin system
followed by compression moulding or punching to
obtain hexagonal units, surface treating of the hexago-
nal umts with a bonding agent, arranging the several
hexagonal units surface treated with the bonding agent
in the X-Y plane direction where two edges of each

hexagonal unit share with two immediate adjacent

hexagonal units 1n X-direction while remaining four

edges share with four immediate adjacent hexagonal
unmits placed vertically in the Y-direction to form a
lower and an upper layer comprising several hexagonal
units, placing one thin layer of the compounded rubber
over the lower followed by placing the upper layer to
overlap the lower layer in such a manner that each
common vertex of three adjacent hexagonal units of
upper layer superimposing at the centre of the hexago-
nal unit of the lower layer without deviating X-Y plane
arrangement and fusing the upper layer, the thin com-
pounded rubber middle layer and the lower layer by
compression moulding;

111. manufacturing the composite layer (c¢) by: surface
treating the layers of used HDPE woven bags and/or
sacks with the solvent-based elastomeric adhesive,
placing the multiple layers of the surface treated of
used HDPE woven bags and/or sacks over each other,
followed by compressing and fusing the multiple layers
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to form one layer, or placing the multiple layers of used
HDPE woven bags and/or sacks over each other, fol-
lowed by stitching to form one layer; superimposing
the multiple layers of recycled PET bottles felt or mat
over each other, followed by stitching to form a second
layer; and superimposing the one layer of compressed
and fused surface treated multiple layers of HDPE
woven bags or sacks or the one layer of stitched
multiple layers of HDPE woven bags or sacks over the
second layer of the stitched multiple layers of recycled
PET bottles felt or mat, followed by stitching them
together;

1v. manufacturing a planar composite layer (d) by encap-

sulating the synthetic polyester felts impregnated with
a resin system as core with bi-directionally and/or
uni-directionally oriented synthetic fabric selected
from polyester, carbon, aramid, glass, basalt and mix-
tures thereol impregnated with a resin system by pul-
trusion or fillament winding method; and then

v. encapsulating at least three layers, prepared according

to the steps (1) to (1v), 1n a predefined sequence with a
fabric as an upper or a superior layer, followed by
stitching the fabric to form the composite product;
the composite product substantially reduces the impact
force of the high-speed projectiles and damps the vibrations
and shock appeared by the impact of the high-speed pro-
jectiles at the same time 1t 1s light weight and flexible to
adopt the shape suitable for the end applications.

Particularly, the present invention relates to a composite
product which substantially reduces the impact force of the
high-speed projectiles and damps the vibrations and shock
appeared by the impact of the high-speed projectiles at the
same time 1t 1s a light weight and a flexible to adopt a shape
suitable for end applications.

The present invention also relates to a method of manu-
facturing the light weight composite product which substan-
tially reduces the impact force of the high-speed projectiles
and damps the vibrations and shock appeared by the impact
of the hugh-speed projectiles at the same time it 1s tlexible to
adopt the shape suitable for end applications.

The light weight and flexible composite product with high
impact strength and improved damping behaviour is 1n the
form of panels, or an article of predefined shape and
dimension. It 1s used 1n the applications such as aerospace,
automotive, construction, and 1n the articles which impede
impactor or projectiles travelling at high speed, etc..

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates the schematic structural diagram of
blocks.

FIG. 1B 1llustrates the schematic structural diagram of the
layer (a) of predefined shaped blocks made up of waste
powder generated during the manufacturing of the compos-
ite pultruded product as claimed in Indian Patent Application
No. 201621020446 or during 1ts use in the end application
or by using any other suitable hybrid composites or ceramic.

FIG. 2 1illustrates the structural diagram of the layer (b)
comprising at least two layers comprising several hexagonal
units ol glass fabric coated with the epoxy resin system
arranged 1n a X-Y plane direction fusing with a thin middle
layer of compounded rubber.

DETAILED DESCRIPTION

The present invention as described below, 1t 1s to be
understood that this mvention 1s not limited to particular
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embodiments, drawings, methodologies and matenals
described, as these may vary as per the person skilled in the
art. It 1s also to be understood that the terminology used 1n
the description 1s for the purpose of describing the particular

8

Typically, the composite product of the invention has a
thickness of at least 22 mm.

According to the preferred embodiment of the invention,
there 1s provided the composite product comprising at least

embodiments only and 1s not intended to limit the scope of 5 three layers selected from a thermoset composite layer

the present imvention.

Before the present mmvention 1s described, 1t 1s to be
understood that unless defined otherwise, all technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. Further, it 1s to be understood
that the present invention 1s not limited to the methodologies
and materials similar or equivalent to those described herein
can be used 1n the practice or testing of the present invention,
the preferred methods and matenials are described, as these
may vary within the specification indicated. Unless stated to
the contrary, any use of the words such as “including,”
“containing,” “comprising,” “having” and the like, means
“including without limitation” shall not be construed to limait
any general statement that 1t follows to the specific or similar
items or matters immediately following 1t. Embodiments of
the invention are not mutually exclusive, but may be imple-
mented 1n various combinations. The described embodi-
ments of the invention and the disclosed examples are given
for the purpose of illustration rather than limitation of the
invention as set forth the appended claims. Further the terms
disclosed embodiments are merely exemplary methods of
the invention, which may be embodied in various forms.

It 1s also to be understood that the terms “a”, “an”, “the”
and like are words for the sake of convenience and are not
to be construed as limiting terms. Moreover, 1t will be
understood that the illustrations are for the purpose of
describing a particular exemplary embodiment of the inven-
tion and are not limited to the mvention thereto.

In the applications such as aerospace, automotive, con-
struction, and to an article which impede impactors or
projectiles travelling at high speed, etc, fracture mechanisms
during high-speed impact are very complicated and occur 1n
an extremely short time; therefore, no single property has
direct correlation with high impact performance. Micro-
structural features, such as grains, strongly influence crack
propagation and energy dissipation mechanisms, hence they
aflect the high impact performance. Therefore, these fea-
tures must also be considered 1n addition to material prop-
erties. In view of the composite products as disclosed 1n the
Indian Patent Application nos. 201621020446 and
201821031691, we carrnied out research to improve the
mechanical properties like 1mpact strength and improved
damping behaviour simultaneously reducing weight and
induce tlexibility of the composite product.

According to one of the embodiments of the invention,
there 1s provided a composite product which substantially
reduces the impact force of the high-speed projectiles and
damps the vibrations and shock appeared by the impact of
the high-speed projectiles at the same time it 1s light weight
and flexible to adopt the shape suitable for the end applica-
tions.

Typically, the composite product of the mvention sub-
stantially reduces the impact force imposed by the hard
impactor which travels at the speed in the range of 400 m/s
to 1400 m/s simultancously damping the wvibrations and
shock appeared therein.

Typically, the composite product of the invention 1s a light
weilght product with the weight that does not exceed 22 to 38
kg/m?2.

Typically, the composite product of the invention 1s
flexible to adopt the shape suitable for the end applications.
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a) (a) made of a powder of waste hybrid composites or
ceramic;

b) a layer (b) comprising at least one layer comprising
several hexagonal units of glass fabric impregnated
with the epoxy resin system being surface treated with
bonding agent arranged in a X-Y plane direction fused
with a thin layer of compounded rubber or at least two
layers that comprises several hexagonal units of glass
fabric impregnated with the epoxy resin system being,
surface treated with bonding agent arranged 1n a X-Y
plane direction fused with a thin middle layer of
compounded rubber;

¢) a composite layer (¢) comprising two layers, one layer
comprising fused multiple layers of used HDPE woven
bags and/or sacks with a solvent-based elastomeric
adhesive layer or stitched multiple layers of used
HDPE woven bags and/or sacks and second layer
comprising stitched multiple layers of recycled PET
bottles felt or mats;

d) a planar composite layer (d) made of the composite
product comprising synthetic polyester felts impreg-
nated with a resin system as a core encapsulated
between bi-directionally and/or uni-directionally ori-
ented synthetic fabric selected from polyester, carbon,
aramid, glass, basalt and mixtures thereol impregnated
with a resin system; and

¢) an upper superior layer of a fabric encapsulating said at
least three layers selected from layers (a) to (d) 1 a
predefined sequence to form a composite product;

said composite product substantially reduces the impact
force of the high-speed projectiles and damps the vibrations
and shock appeared by the impact of the high-speed pro-
jectiles at the same time 1t 1s light weight and flexible to
adopt the shape suitable for the end applications.

In the present invention, a construction of every layer and
their sequence 1s critical to achieve the mmpact strength,
improved damping behaviour, flexibility and light weight
characteristics of the composite product of the invention.

The thermoset composite layer (a) 1s a planar layer made
up of predefined shaped blocks which are interlocked. These
blocks are made up of the waste powder generated during
the trmming ol the composite pultruded product either
during the manufacturing or during i1ts use in the end
applications. The powder of the waste composite pultruded
product consisting the core comprising the waste synthetic
polyester felts impregnated with the resin system and the
core 15 encapsulated between bi-directionally and/or uni-
directionally oriented synthetic fabric selected from polyes-
ter, carbon, aramid, glass and/or basalt impregnated with a
resin system. These blocks are made up of powder of the
waste composite pultruded product along with the epoxy
resin system or ceramic. The epoxy resin system used in the
layer (a) comprises epoxy resin and hardener in the ratio of
100:10 and the resin system 1s curable at room temperature.

This composite pultruded product was disclosed 1n Indian
Patent Application No. 201621020446.

These predefined shaped blocks made up of the waste
powder of the hybrid composites are at least 12 mm thick.

These predefined shaped blocks made up of ceramic are
at least 4 mm thick.

These blocks have slots to accommodate similar blocks
tollowed by interlocking first set of blocks with second set
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of blocks. The design of each block 1s precisely made to lock
one block as male to other as female and vice versa when
arranged at tlip side to other to obtain the thermoset com-
posite layer (a).

Each block, when considered as an element with a sub-
stantially triangular cross section, comprises hexagonal-
shaped protrusions instead of a vertex of a triangle with a
linear edge at presumed vertex points.

FIG. 1A 1llustrates the schematic structural diagram of a
predefined shaped block.

Each block comprises operatively downward sloping and
outward facing planar surfaces between two presumed ver-
tex points or between two hexagonal shaped protrusions, the
width-wise edge of the planar surfaces joins two adjacent
hexagonal shaped protrusions.

Particularly, the first layer 1s made up of a first layer
comprising a first set of blocks interlocked with a second
layer comprising a second set of blocks; the first set of
blocks 1s an 1nverted set of the second set of blocks and vice
versa. The first set of blocks 1s complementary to the second
set of blocks, 1n that, the mounting of a block from the first
set of blocks onto a block from the second set of blocks
causing an interlocked block assembly.

Interlocked blocks, when placed adjacent to each other,
mesh/interface with each other: at the planar sloping sur-
faces; and at the linear edges.

This meshing/interfacing cause to form a meshed/inter-
taced layer such that each block’s linear edge, at presumed
vertex point, abuts and adjacent width-wise edge of its
planar surface.

FIG. 1B illustrates the schematic structural diagram of the
first layer made up of plural predefined shaped blocks of the
composite pultruded product/the ceramic.

The planar thermoset composite layer (a) made up of the
powder of the waste hybrid composites has thickness of at
least 12 mm.

The planar thermoset composite layer (a) made up of
ceramic has thickness of at least 4 mm.

It 1s mmportant and critical for the planar thermoset
composite layer (a) made up of a waste of hybrid compos-
ites, which 1s in the form of powder. It 1s also important and
critical for the planar thermoset composite layer (a) made up
of small blocks of predefined shape which are interlocked to
form the layer. It 1s observed in the present invention, when
the layer (a) 1s made up small blocks by interlocking them,
then 1t sustains impact. Commonly, when these small blocks
of predefined shape are joined simply 1n X-Y plane direction
then the joints formed are fragile and weak and cannot
sustain the impact. To sustain the impact, it requires strong
backing layer. However, when these small blocks of pre-
defined shape are interlocked then it sustains impact; it also
climinates weak joint formation; and does not require back-
ing. It 1s important and critical for the layer (a) to be made
up of ceramic to reduce the weight.

It 1s to be understood that any person skilled 1n the art can
prepare diflerent shapes of blocks and interlock them to form
the composite layer (a) and hence, the scope of the present
invention should not be limited to the block of the predefined
shape as described in the embodiment of the present inven-
tion but intend to include all suitable shapes of the block
which are suitable to interlock one block as male to other
block as female and vice versa when arranged at flip side to
other to obtain the layer.

The layer (b) comprises at least one layer comprising
several hexagonal units of glass fabric impregnated with the
epoxy resin system being surface treated with bonding agent
arranged 1n the X-Y plane direction fused with the thin layer
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of compounded rubber. The hexagonal units are made up of
the uni-directional or bi-directional glass fabric impregnated
with the epoxy resin system followed by compression
moulding or punching or any other conventional technique.
Each hexagonal unit has at least 3 mm of thickness and 28
mm of diameter. These hexagonal units are surface treated
with the bonding agent including examples but not limited
to Chemlok® bonding agent.

Particularly, several hexagonal units which are surface
treated with the bonding agent are arranged 1n X-Y plane
direction where two edges of each hexagonal unit share with
two mmmediate adjacent hexagonal units 1n X-direction
while remaining four edges share with four immediate
adjacent hexagonal units placed vertically 1n the Y-direction
to form the layer. Over this layer, one thin layer of the
compounded rubber 1s placed. Both these layers are fused by
compression moulding.

The layer (b) comprising at least one layer comprising
several hexagonal units of glass fabric impregnated with the
epoxy resin system being surface treated with bonding agent
arranged 1n the X-Y plane direction fused with the thin layer
of compounded rubber has a thickness of at least 6 mm.

The layer (b) comprises upper and lower layers composed
of several hexagonal units of glass fabric impregnated with
the epoxy resin system being surface treated with bonding
agent arranged 1n the X-Y plane direction fused with the thin
middle layer of the compounded rubber sandwiched
between the upper and the lower layers. The hexagonal units
are made up of the uni-directional or bi-directional glass
fabric impregnated with the epoxy resin system by com-
pression moulding or punching or any other conventional
technique. Fach hexagonal unit has at least 3 mm of thick-
ness and 28 mm ol diameter. These hexagonal units are
surface treated with the bonding agent including examples
but not limited to Chemlok® bonding agent.

Particularly, several hexagonal units which are surface
treated with the bonding agent are arranged 1 X-Y plane
direction where two edges of each hexagonal unit share with
two mmmediate adjacent hexagonal units 1 X-direction
while remaining four edges share with four immediate
adjacent hexagonal units placed vertically 1n the Y-direction
to form the lower layer. Over this layer, one thin layer of the
compounded rubber 1s placed. Over this rubber middle laver,
several hexagonal units which are surface treated with the
bonding agent are arranged in X-Y plane direction to form
the upper layer. The arrangement of the upper layer and
lower layer 1s 1n such a manner that each common vertex of
three adjacent hexagonal units of the one layer 1s overlapped
to superimpose at the centre of the hexagonal unit of the
lower layer without deviating X-Y plane arrangement.

Particularly, these layers 1.e. upper layer the several
hexagonal umits which are surface treated with the bonding
agent, the thin compounded rubber middle layer and the
lower layer the several hexagonal units which are surface
treated with the bonding agent are fused by compression
moulding.

The thin layer of the compounded rubber 1s 1 mm thick
and calendered compounded rubber. The compounded rub-
ber 1s etther natural or synthetic.

The layer (b) comprising upper and lower layers com-
posed of several hexagonal units of glass fabric impregnated
with the epoxy resin system being surface treated with
bonding agent arranged 1mn X-Y plane direction fused with
the thin middle layer of the compounded rubber has thick-
ness of at least 12 mm.

The bonding agent used in the layer (b) includes but not

limited to Chemlok®.
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The epoxy resin system used in the layer (b) comprises
epoxy resin and hardener in the ratio of 100:10 and the
system 1s curable at room temperature.

The layer (b) has a thickness of at least 6 to 12 mm.

FIG. 2 illustrates the structural diagram of the second
layer comprising the upper and lower layer comprising
several hexagonal units of glass fabric impregnated with the
epoxXy resin system being surface treated with bonding agent
arranged 1n the X-Y plane direction fused with the thin
middle layer of compounded rubber.

The shape and configuration of the hexagonal units and
their arrangement 1 X-Y plane direction to form the upper
layer and lower layer; the manner in which these two layers
are overlapped so that each common vertex of three adjacent
hexagonal units of the one layer 1s superimposed at the
centre of the hexagonal unit of the lower layer; compressing
the upper layer comprising the several hexagonal units
which are surface treated with the bonding agent, the thin
middle compounded rubber layer and the lower layer com-
prising the several hexagonal units which are surface treated
with the bonding agent fused by compression moulding
without deviating X-Y plane arrangement are very important
to achieve impact strength.

The layer (¢) consisting of two layers wherein one of the
two layers comprising compressed and fused multiple layers
of used HDPE woven bags and/or sacks with the solvent-
based elastomeric adhesive layer or stitched multiple layers
of used HDPE woven bags and/or sacks and second of the
two layers comprising stitched multiple layers of recycled
PET bottles felt or mat. These two layers are stitched to form
the composite layer (c).

The compressed and tused multiple layers of used HDPE
woven bags and/or sacks with the solvent-based elastomeric
adhesive layer comprises multiple layers of the surface
treated used HDPE woven bags and/or sacks with the
solvent-based elastomeric adhesive which were compressed
and fused.

The stitched multiple layers of used HDPE woven bags
and/or sacks comprises multiple layers of used HDPE
woven bags and/or sacks which are stitched together.

The stitched multiple layers of recycled PET bottles felt
or mat comprises multiple layers of recycled PET bottles
telts or mats which are stitched together.

In one of the embodiments of the invention, the layer (c)
comprises compressed and fused multiple layers of used
HDPE woven bags and/or sacks with the solvent-based
clastomeric adhesive layer or stitched multiple layers of
used HDPE woven bags and/or sacks as an upper layer and
stitched multiple layers of recycled PET bottles felt or mat
as a lower layer; said upper layer and said lower layer are
stitched together.

In another embodiment of the invention, the layer (c)
comprises stitched multiple layers of recycled PET bottles
telt or mat as the upper layer and compressed and fused
multiple layers of used HDPE woven bags and/or sacks with
the solvent-based elastomeric adhesive layer or stitched
multiple layers of used HDPE woven bags and/or sacks as
the lower layer; said upper layer and said lower layer are
stitched together.

In yet another embodiment of the invention, the layer (c)
comprises compressed and fused multiple layers of used
HDPE woven bags and/or sacks with the solvent-based
clastomeric adhesive layer or stitched multiple layers of
used HDPE woven bags and/or sacks as a first layer and
stitched multiple layers of recycled PET bottles felt or mat
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as a second layer; said first layer and said second layer are
arranged 1n alternate manner and these layers are stitched
together.

The recycled waste PET bottles felts or mats has 500
grams per square meter (GSM).

The solvent-based elastomeric adhesive used 1n the layer
(c) 1s any liquid elastomeric adhesive including but not
limited to SPEB-7.

The layer (¢) has a thickness of at least 8 mm.

The layer (d) 1s the fibre reinforced composite layer
comprising synthetic polyester felts impregnated with the
resin system as core encapsulated between bi-directionally
and/or uni-directionally oriented synthetic fabric selected
from polyester, carbon, aramid, glass, basalt and mixtures
thereol 1impregnated with the resin system.

This fibre reinforced composite layer (d) 1s manufactured
by pultrusion method or filament winding method or any
other conventional method.

This layer (d) has a thickness of at least 8 mm.

The synthetic polyester felts or mats are prepared by
placing multiple layers of recycled PET bottle felts followed
by stitching. The recycled waste PET bottles felts or mats are
prepared from waste PET bottles. The synthetic polyester
telts have 500 GSM.

At least three layers selected from the layers (a) to layers
(d) are arranged 1n the predefined sequence and encapsulated
with the fabric as the upper and superior layer to form
composite product of the invention. The fabric used 1s either
natural fabric or synthetic fabric including but not limited to
cotton, nylon, terylene, polyester, rubberized fabric, blends,
etc.

According to the present invention, there 1s provided the
method of manufacturing the composite product of the
invention which substantially reduces the impact force of the
high-speed projectiles and damps the vibrations and shock
appeared by the impact of the high-speed projectiles at the
same time 1t 1s the light weight and flexible to adopt the
shape suitable for the end applications; said method com-
Prises:

1. manufacturing the thermoset composite layer (a) by
either compression moulding the powder of the waste
hybrid composites along with epoxy resin system or hot
pressing ol ceramic into predefined shaped blocks
followed by interlocking a first set of blocks with a
second set of blocks through operatively downward
sloping and outward facing planar surfaces;

11. manufacturing the layer (b) comprising at least one
layer comprising several hexagonal units of glass fabric
impregnated with the epoxy resin system being surface
treated with bonding agent arranged 1 a X-Y plane
direction fused with a thin layer of compounded rubber
by an impregnating a glass fabric with an epoxy resin
system followed by compression moulding or punching,
to obtain hexagonal units, surface treating of the hex-
agonal units with a bonding agent, arranging the sev-
eral hexagonal units surface treated with the bonding
agent 1n X-Y plane direction where two edges of each

hexagonal unit share with two immediate adjacent
hexagonal units 1n X-direction while remaining four
edges share with four immediate adjacent hexagonal
units placed vertically 1n the Y-direction to form a layer
comprising several hexagonal units, placing one thin
layer of the compounded rubber over the layer com-
prising several hexagonal units and fusing the layer
comprising several hexagonal units and the thin com-
pounded rubber by compression moulding or manufac-
turing the layer (b) comprising at least two layers
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comprising several hexagonal units of glass fabric

impregnated with the epoxy resin system being surface
treated with bonding agent arranged i X-Y plane
direction fused with a thin layer of compounded rubber
by impregnating a glass fabric with epoxy resin system
followed by compression moulding or punching to
obtain hexagonal units, surface treating of the hexago-
nal umts with a bonding agent, arranging the several
hexagonal units surface treated with the bonding agent
in X-Y plane direction where two edges of each hex-
agonal unit share with two immediate adjacent hexago-
nal unmits 1 X-direction while remaining four edges
share with four immediate adjacent hexagonal units
placed vertically 1n the Y-direction to form a lower and
an upper layer comprising several hexagonal units,
placing one thin layer of the compounded rubber over
the lower layer followed by placing the upper layer to
overlap the lower layer 1n such a manner that each
common vertex ol three adjacent hexagonal units of
upper layer superimposing at the centre of the hexago-
nal unit of the lower layer without deviating X-Y plane
arrangement and fusing the upper layer, the thin com-
pounded rubber middle layer and the lower layer by
compression moulding;

111. manufacturing the composite layer (c¢) by surface
treating the layers of used HDPE woven bags and/or
sacks with the solvent-based elastomeric adhesive,
placing the multiple layers of the surface treated of
used HDPE woven bags and/or sacks over each other
followed by compressing and fusing the multiple layers
to form one layer or by placing the multiple layers of
used HDPE woven bags and/or sacks over each other
followed by stitching to form one layer, superimposing
the multiple layers of recycled PET bottles felt or mat
over each other followed by stitching to form a second
layer and superimposing the one layer of compressed
and fused surface treated multiple layers of HDPE

woven bags or sacks or stitched multiple layers of
HDPE woven bags or sacks over the second layer of the
stitched multiple layers of recycled PET bottles felt or
mat followed by stitching them together;

1v. manuiacturing a planar composite layer (d) by encap-

sulating the synthetic polyester felts impregnated with
a resin system as core with bi-directionally and/or
unmi-directionally oriented synthetic fabric selected
from polyester, carbon, aramid, glass, basalt and mix-
tures thereol impregnated with a resin system by pul-
trusion or filament winding method; and

v. encapsulating at least three layers prepared according to

the steps (1) to (1v) 1n predefined sequence with a fabric
as an upper or a superior layer followed by stitching the
fabric to form the composite product.

Typically, the powder of the waste hybrid composite used
in the step (a) 1s generated during the trimming of hybrid
composite while manufacturing or during the end applica-
tions. Instead of the waste hybrid composite, the fresh
hybrid composite may also be used 1n the present invention.

Typically, the step (1) compression moulding the powder
of the waste hybrid composites into predefined shaped
blocks 1s carried out by mixing the powder with the epoxy
resin system in the ratio of 30 to 70:30 to 50 (volume/
volume) 1.e. (vol./vol.) followed by compression moulding,
by applying force of 1500 Kgf to 2000 Kgf.

Typically, the step (1) hot pressing of ceramic into pre-

defined shaped blocks 1s carried out at temperature 1n the
range of 2128 to 2203° C. and by applying force of 30 to 40

MPa.
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The powder of the waste composite used 1n the step (a) 1s
powder of the waste composite comprising the core of waste
synthetic polyester felts impregnated with the resin system
and the core 1s encapsulated between bi-directionally and/or
uni-directionally oriented synthetic fabric selected from
polyester, carbon, aramid, glass, basalt and mixtures thereof
impregnated with the resin system.

The hexagonal units used 1n the step (11) has at least 3 mm
of thickness and 28 mm of diameter. The bonding agent used
to treat the surface of hexagonal units includes examples but
not limited to Chemlok® bonding agent. The thin layer of
the compounded rubber used 1n the step (1) 1s 1 mm thick
and calendered compounded rubber. The compounded rub-
ber 1s either natural or synthetic. The upper and the lower
layer composed of the several hexagonal units which are
surface treated with the bonding agent used in the step (b)
has a thickness of at least 6 mm. Typically, the overlapping
of the layers in the step (b) and compression moulding to
fuse the upper layer the several hexagonal units which are
surface treated with the bonding agent, the thin compounded
rubber middle layer and the lower layer the several hexago-
nal units which are surface treated with the bonding agent
are carried out very carefully without deviating X-Y plane
arrangement to form the second layer.

The layers of used HDPE woven bags and/or sacks are
surface treated with the solvent-based elastomeric adhesive
layer. These surtaces treated multiple layers of HDPE woven
bags and/or sacks with the solvent-based elastomeric adhe-
sive are overlapped and compressed to fuse layers to form
the layer of compressed and fused used HDPE woven bags
and/or sacks with the solvent-based elastomeric adhesive
layer. Alternatively, multiple layers of HDPE woven bags
and/or sacks are overlapped and stitched together to form the
layer. The multiple layers of recycled PET bottles felt or mat
are overlapped and stitched together to form stitched
recycled PET bottles felt or mat layer.

In one of the embodiments of the invention, the com-
pressed and fused multiple layers of used HDPE woven bags
and/or sacks with the solvent-based elastomeric adhesive
layer or the stitched multiple layers of used HDPE woven
bags and/or sacks as the upper layer 1s superimposed over
the stitched multiple layers of recycled PET bottles felt or
mat as the lower layer followed by stitching them together
to form the layer (c¢) in the step (111).

In another embodiment of the invention, the stitched
multiple layers of recycled PET bottles felt or mat as the
upper layer 1s superimposed over the compressed and fused
multiple layers of used HDPE woven bags and/or sacks with
the solvent-based elastomeric adhesive layer or the stitched
multiple layers of used HDPE woven bags and/or sacks as
the lower layer followed by stitching them together to form
the layer (¢) 1n the step (111).

In yet another embodiment of the invention, the com-
pressed and fused multiple layers of used HDPE woven bags
and/or sacks with the solvent-based elastomeric adhesive
layer or the stitched multiple layers of used HDPE woven
bags and/or sacks as a first layer and stitched multiple layers
of recycled PET bottles felt or mat as a second layer; said
first layer and said second layer are arranged in alternate
manner and these layers are stitched them together to form
the layer (¢) 1n the step (111).

The recycled waste PET bottles felts or mats has 500
GSM. The solvent-based elastomeric adhesive used 1n the
third layer 1s any liquid elastomeric adhesive including but
not limited to SPEB-7. The layer (c¢) has a thickness of at

least 8 mm.
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The fabric used 1n the step (e) 1s either natural fabric or
synthetic fabric including but not limited to cotton, nylon,
terylene, polyester, rubberized fabric, blends, efc.

Typically, the predefined sequences of the layers (a) to (d)
in the composite product of the invention are as follows:
First predefined sequence is the layer (a) being first layer
made up of powder of the waste hybrid composites, the layer
(d) being second layer backing the first layer and the layer
(¢) bemng third layer backing the second layer. Second
predefined sequence 1s the layer (a) being first layer made up
of ceramic, the layer (d) being second layer backing the first
layer and layer (c¢) being third layer backing the second
layer. Third predefined sequence 1s the layer (b) made up of
at least one layer comprising several hexagonal units of
glass fabric impregnated with the epoxy resin system being
surface treated with bonding agent arranged 1mn X-Y plane
direction fused with the thin layer of compounded rubber
being first layer, the layer (d) being second layer backing the
first layer and the layer (c) being third layer backing the
second layer; and

Fourth predefined sequence 1s the layer (b) comprised of
at least two layers comprising several hexagonal units of
glass fabric impregnated with the epoxy resin system being
surface treated with bonding agent arranged 1in X-Y plane
direction fused with the thin layer of compounded rubber
being first layer, the layer (d) being second layer backing the
first layer and layer (c) being third layer backing the second
layer.

Typically, the composite product of the mvention pre-
pared according to the method of the imvention has a
thickness of at least 22 mm.

Typically, the composite product of the mvention pre-
pared according to the method of the mvention 1s a light
weilght product with the weight that does not exceed 22 to 38
kg/m?2 and 1s tlexible to adopt a predefined shape suitable for
end applications.

Typically, the composite product of the mvention pre-

pared according to the method of the invention substantially
reduced the impact force imposed by hard impactor which
travelled at the speed 1n the range of 400 m/s to 1400 m/s
simultaneously damping the vibrations and shocks appeared
therein.

Thus, the composite product of the invention prepared
according to the method of the invention substantially
reduces the impact force of the high-speed projectile and
damps the vibrations and shock appeared by the impact of
the high-speed projectile at the same time 1t 1s light weight
and flexible to adopt a predefined shape suitable for end
applications.

The structure and construction steps of all four layers and
the manner i which they are manufactured induce the
improved damping behaviour and impact strength to the
product. The overall structure and the manner 1n which they
are manuiactured of the composite product induces flexibil-
ity to adopt to the shape suitable for end applications and
also results 1nto light weight.

The composite product of the invention 1s manufactured
by using the wastes such as recycled polyethylene tereph-
thalate (PET) bottle felts, used HDPE woven bags or sacks
and powder of the waste hybrid composites which makes the
composite product of the mmvention eco-friendly and cost-
cllective.

The present invention 1s described 1in the examples given
below; further, these are provided only to illustrate the
invention and therefore should not be construed to limit the
scope of the mvention.
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Example 1. Manufacture of Layer (a) of Hybnd
Composite (ah)

The powder of the waste of the hybrid composites of the
example 6 of the Indian Patent Application no.
201621020446 was collected during the manufacturing
while trimming the product. The powder was mixed with
epoxy resin system (LAPOX® L-12/K-6, Epoxy resin sys-
tem comprises epoxy resin and hardener 1 100:10 ratio) in
the ratio of 70:30 (vol./vol.). This waste powder was con-
verted mto predefined shaped blocks of FIG. 1A by com-
pression moulding by applying force of 1620 Kgt 1n the die.

FEach block has thickness of 12 mm. The blocks were divided
into two sets. One set of blocks was interlocked with the

second set of blocks through operatively downward sloping,
and outward facing planar surfaces to obtain the layer (ah).

The thickness of the layer (ah) was 12 mm.

Example 2. Manufacture of Layer (a) of Ceramic
1.e. (ac)

Ceramic composition used has Boron content 81%, Iron
0.5% and 18.5% of Carbon. The ceramic composition used
has density of 2.47-2.52 gm/cc, elastic Modulus of 430 GPa
and micro hardness of 3000 GPa. Ceramic composition was
converted into predefined shaped blocks of FIG. 1A by hot
pressing at temperature of 2150° C. and force of 34 MPa.
Each block has thickness of 4 mm. The blocks were divided
into two sets. One set of blocks was interlocked with the
second set of blocks through operatively downward sloping
and outward facing planar surfaces to obtain the layer (ac).
The thickness of the layer (ac) was 4 mm.

Example 3

Manufacture of layer (b) of at least one layer comprising,
several hexagonal units of glass fabric impregnated with
epoxXy resin being surface treated with bonding agent
arranged 1 X-Y plane direction fused with a thin layer of
compounded rubber 1.e. (bl):

The glass fabric of 360 GSM was impregnated with epoxy
resin system (LAPOX® [.-12/K-6, Epoxy resin system
comprises epoxy resin and hardener in 100:10 ratio) to
obtain the impregnated glass fabric having the fabric to the
epoxy resin system ratio of 60:40 (vol./vol.). Thirty (30)
numbers impregnated fabric layers were superimposed over
cach other and subjected to compression moulding at a force
of 6500 Kgf to obtain hexagonal units of 6 mm thickness and
28 mm of diameter. These hexagonal units were surface
treated with a bonding agent, Chemlok®. These surface
treated hexagonal umits were arranged in the X-Y plane
direction where two edges of each hexagonal unit share with
two 1mmediate adjacent hexagonal units in X-direction
while remaining four edges share with four immediate
adjacent hexagonal units placed vertically 1n the Y-direction
to form a layer. The thickness of the layer comprising
multiple hexagonal units arranged 1n X-Y plane direction
was 6 mm. Neoprene rubber was calendared to obtain 1 mm
thick middle layer. The layer of the compounded rubber was
arranged over the layer comprising multiple hexagonal
units. Upon arrangement, these two layers were fused by
compression moulding at 155° C. using 1200 ps1 pressure

for 18 minutes to have 6 mm thick layer (b1).

Example 4

Manufacture of layer (b) comprised of at least two layers
comprising several hexagonal units of glass fabric impreg-
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nated with the epoxy resin system being surface treated with
bonding agent arranged in X-Y plane direction fused with
the thin layer of compounded rubber 1.e. (b2):

The glass fabric of 360 GSM was impregnated with epoxy
resin system (LAPOX® [-12/K-6, Epoxy resin system
comprises epoxy resin and hardener in 100:10 ratio) to
obtain the impregnated glass fabric having the fabric to the
epoxy resin system ratio of 60:40 (vol./vol.). Thirty (30)
numbers impregnated fabric layers were superimposed over
cach other and subjected to compression moulding at a force
of 6500 Kgf to obtain hexagonal units of 6 mm thickness and
28 mm of diameter. These hexagonal units were surface
treated with a bonding agent, Chemlok®. These surfaces
treated hexagonal units were arranged in the X-Y plane
direction where two edges of each hexagonal unit share with
two i1mmediate adjacent hexagonal units 1n X-direction
while remaining four edges share with four immediate
adjacent hexagonal units placed vertically 1n the Y-direction
to form two separate layers 1.e. an upper layer and a lower
layer. The thickness of the lower layer and the upper layer
was 6 mm. Neoprene rubber was calendared to obtain 1 mm
think middle layer. The middle layer of the rubber was
arranged over the lower layer of several surface treated
hexagonal unmits followed by arranging the several surface
treated hexagonal units 1n the X-Y plane direction to form
the upper layer to overlap the lower layer 1n such a manner
that each common vertex of three adjacent hexagonal units
of the upper layer was superimposed at the centre of the
hexagonal unit of the lower layer without deviating X-Y
plane arrangement. Upon the arrangement, the upper layer
of the several surface treated hexagonal units, the middle
rubber layer and the lower several surface treated hexagonal
units were fused by compression moulding at 155° C. using,
1200 ps1 pressure for 18 minutes to have 12 mm thick layer

(b2).

Example 5

Manufacture of the composite layer (c1) comprised of
stitched multiple layers of used HDPE woven sacks and
stitched multiple layers of recycled PET bottles felt or mats:

Used HDPE woven sacks of 130 GSM were collected.
Three numbers of sacks were arranged over each other and
stitched to form one layer. The process was repeated to
obtain one more layer.

The recycled/waste PET bottle felts having 500 GSM
manufactured by CAPITOL Non Oven Private Ltd were
used. Two felts were superimposed over each other followed
by stitching to form the second layer. The process was
repeated to obtain one more second layer.

The layer (cl) comprising the one layer of stitched
multiple HDPE woven sacks being first layer was superim-
posed over the layer of stitched recycled PET bottles felt
being second layer which was further superimposed over the
one layer of stitched multiple HDPE woven sacks being
third layer and finally superimposed over the layer of
stitched recycled PET bottles felt being fourth layer in the
alternate manner.

These four alternate layers were stitched to form the layer

(c1) of thickness of 12 mm.

Example 6

Manufacture of layer (c2) comprised of compressed and
tused multiple surface treated layers of used HDPE woven
sacks with a solvent-based elastomeric adhesive layer and
stitched multiple layers of recycled PET bottles felt or mats:
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Used HDPE woven sacks having 130 GSM were col-
lected and these sacks were surface treated with the solvent-
based elastomeric adhesive namely SPEB-7. 24 number of
surface treated sacks were arranged over each other and
subjected them to compression to carry out fusion by
applying manual pressure to form one layer. The process

was repeated to obtain one more layer.
The recycled/waste PET bottle felts having 500 GSM

manufactured by CAPITOL Non Oven Private Ltd were
used. Two felts were superimposed over each other followed
by stitching to form second layer. The process was repeated
to obtain one more second layer.

The layer (c2) comprising the one layer of compressed
and fused multiple surface treated layers of used HDPE
woven sacks being first layer was superimposed over the
layer of stitched recycled PET bottles felt being second
layer.

These two layers were stitched together to form the layer

(c2) of thickness of 8 mm.

Example 7. A Planar Composite Layer (d)

The fourth layer was made according to the example no.

6 of Indian Patent Application No. 201621020446. The core
comprises of waste synthetic polyester felts of 500 GSM
(manufactured from waste PET bottles by CAPITOL Non
Oven Private Ltd) duly impregnated with resin system
comprising 100 parts phenol formaldehyde (68 to 72%
resole type phenol formaldehyde 1n water supplied by Shi-
vam Polymer Pvt. Ltd.) and 20 parts methanol and the core
was encapsulated with bi-directional glass fabric impreg-
nated with the resin system comprising 100 parts phenol
formaldehyde (68 to 72% resole type phenol formaldehyde
in water supplied by Shivam Polymer Pvt. Ltd.) and 20 parts
methanol by pultrusion method. The fourth layer has thick-
ness of 10 mm. The fourth layer has 10% bidirectional glass

tabric, 45% synthetic polyester felt and 43% resin system
(vol./vol.)

Example 8. Manufacture Composite Product

Three layers as illustrated in Table 1 were arranged in the
predefined sequence as per Table 1 by placing them over one
another. Third layer was placed as last layer over which
second layer and first layer were placed over each other 1n
the sequence so that first layer was backed by second layer
which was further backed by the third layer. These arranged
layers were encapsulated 1n the defined sequence by a cotton
fabric as an upper or a superior layer. The fabric was stitched
to enclose predefined sequence of layer to form the number
of composite products.

TABLE 1
Number of the composite products with predefined sequences with
thickness and weight
Thick-

Composite Ness Weight

products Predefined sequence (mm) (Kg/m?2)

1 First layer = a” + Second layer = d + 34 28.0
Third layer = ¢!

2 First layer = a” + Second layer = d + 30 32.0
Third layer = ¢?

3 First layer = a¢ + Second layer = d + 26 22.7
Third layer = ¢?

4 First layer = a“ + Second layer = d + 22 26.7
Third layer = ¢?
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TABI E 1-continued at least two of the glass sublayers including the plu-
rality of hexagonal units fused with a middle layer of
Number of the composite products with predefined sequences with the compounded rubber

thickness and weight

the composite laver includes,

Thick- d a first composite sublayer having, multiple fused layers
Composite ness Weight of HDPE with a solvent-based elastomeric adhesive
w layer, or multiple stitched layers of HDPE, and
5 First layer = b! + Second layer = d + 28 24.0 a second Composite sublayer of the COIIlpOSite layer
Third layer = ffl having multiple stitched layers of PET, and
6 ?EIS; dlﬁ";’; r==b02+ Second layer = d + 24 28.0 10 the planar layer is made of a composite core of synthetic
7 First layer = b2 + Second layer = d + 34 33 3 polyester felt impregnated with a first resin system,
Third layer = ¢! wherein the core 1s encapsulated between bi-direction-
3 First layer = b22+ Second layer = d + 30 37.3 ally and/or uni-directionally-oriented synthetic fabric

Third layer = c selected from at least one of, polyester, carbon, aramaid,

15 glass, and basalt, and impregnated with a second resin

The products were tested by using high speed projectile of system; and
dimensions 9x19, 7.62x39, and 7.62x351 travelling with an upper superior layer of a fabric encapsulating the at
velocity of 430x15, 635x15, and 838+15 from the distance least three of the thermoset layer, the glass layer, the
of 5 meters, 10 meters, and 10 meters respectively. The test composite layer, and the planar layer, wherein the
was conducted at room temperature of 30° C. and at humid- <" composite product 1s configured to reduce impact force
ity level of 46%. of high-speed projectiles and damp wibrations and

The results were 1llustrated 1n Table 2. shock from 1mpact of the high-speed projectiles.

TABLE 2
Test results of Impacts and flexibility
Dimension Velocity of
Composite of Angle of the projectile  Penetration/
products Predefined sequence projectile  Firing (m/sec) No Penetration Flexibility

1 First layer = a” + Second 9 x 19 90° 432.1 No 2 shots
layer = d + Third layer = ¢! Penetration

2 First layer = a” + Second 9 x 19 90° 434.1 No 2 shots
layer = d + Third layer = ¢ Penetration

3 First layer = a© + Second  7.62 x 39 90° 642.4 No 2 shots
layer = d + Third layer = ¢! HSC Penetration

4 First layer = a© + Second  7.62 x 39 90° 724.1 No 2 shots
layer = d + Third layer = ¢? HSC Penetration

5 First layer = b! + Second  7.62 x 39 90° 640.4 No 2 shots
layer = d + Third layer = ¢! HSC Penetration

6 First layer = b’ + Second 9% 19 90° 431.2 No 2 shots
layer = d + Third layer = ¢? Penetration

7 First layer = b® + Second  7.62 x 39 90°, 723.1 No 2 shots
layer = d + Third layer = ¢! MSC Penetration

8 First layer = b® + Second  7.62 x 51 90° 846.5 No 2 shots
layer = d + Third layer = ¢ Penetration

D .y 45 : : :

We have found that multi-hit capability of the product has 2. The composite product of claim 1, wherein the com-
increased significantly when 1t 1s used i the predefined posite product has a thickness of at least 22 mm.
sequence as 1llustrated 1n Table 1 and Table 2 (1.e. Minimum 3. The composite product ot claim 1, wherein the ther-
shot to shot distance is 40 mm). The weak zones formed in moset layer 1s 4 to 12 mm thick, the glass layer 1s 6 to 12 mm
traditional hexagons are overcome by the predefined shaped 50 thick, the composite layer 1s at least 8 mm thick, and the
blocks of FIG. 1A of the present invention. planar layer 1s at least 8 mm thick. | |

_ ‘ _ ‘ 4. The composite of product 1, wherein the interlocked,

The 1nvention claimed is: o shaped blocks are at least 4 to 12 mm thick.

1. A composite product comprising: 5. The composite product of claim 1, wherein the hex-

at least three layers selected from a thermoset layer, a agonal units have at least 3 mm of thickness and 28 mm of

glass layer, a composite layer, and a planar layer, 55 diameter.
wherein, 6. The composite product of claim 5, wherein the hex-
the thermoset layer 1s made of a powder of waste hybnid agonal units are arranged in the X-Y plane direction such
composites or waste ceramic, wherein the thermoset that each hexagonal unit shares two edges with two adjacent
layer 1s planar and made up of interlocked, shaped hexagonal units extending 1n the X-direction and four edges
blocks, 60 with four adjacent hexagonal units extending in the Y-di-
the glass layer includes, rection.
at least one glass sublayer having a plurality of hex- 7. The composite product of claim 6, wherein the at least
agonal units of glass fabric impregnated with an two of the glass sublayers are arranged 1n an upper layer and
epoxy resin system, wherein the hexagonal units are a lower layer, wherein the upper layer 1s arranged such that
surface treated with a bonding agent, arranged 1n an 65 each common vertex of three adjacent hexagonal units of the
X-Y plane, and fused with a layer of compounded upper layer overlaps a center of the hexagonal unit of the

rubber, or lower layer.
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8. The composite product of claim 7, wherein the first and
the second composite sublayers are stitched together.

9. The composite product of claim 1, wherein the com-

pounded rubber 1s either only a natural or only a synthetic
rubber. 5

10. The composite product of claim 1, wherein the first
and the second composite sublayers are stitched together.

11. The composite product of claim 10, wherein the PET

layers have 500 grams per square meter. .

12. The composite product of claim 1, wherein the fabric
of the upper superior layer includes at least one of, cotton,
nylon, terylene, polyester, and rubberized fabric.

13. A composite product comprising:

at least three layers selected from a thermoset layer, a 15
glass layer, a composite layer, and a planar layer,
wherein,

the thermoset layer 1s made of a powder of waste hybrid
composites or waste ceramic,

the glass layer includes, 20

at least one glass sublayer having a plurality of
hexagonal units of glass fabric impregnated with
an epoxy resin system, wherein the hexagonal
units are surface treated with a bonding agent,
arranged 1n an X-Y plane, and fused with a layer
of compounded rubber, or

25

22

at least two of the glass sublayers including the
plurality of hexagonal units fused with a middle
layer of the compounded rubber,

the composite layer includes,

a first composite sublayer having, multiple fused
layers of HDPE with a solvent-based elastomeric
adhesive layer, or multiple stitched layers of
HDPEFE, and

a second composite sublayer of the composite layer
having multiple stitched layers of PET, and

the planar layer 1s made of a composite core of syn-
thetic polyester felt impregnated with a first resin
system, wherein the core 1s encapsulated between
bi-directionally and/or uni-directionally-oriented
synthetic fabric selected from at least one of, poly-
ester, carbon, aramid, glass, and basalt, and impreg-
nated with a second resin system; and
an upper superior layer of a fabric encapsulating the at
least three of the thermoset layer, the glass layer, the
composite layer, and the planar layer, wherein the
composite product has a weight lower than 38 kg/m?2
and a thickness of at least 22 mm, and wherein the
composite product 1s configured to reduce an 1mpact
force imposed by a hard impactor travelling at a speed
of 400 m/s to 1400 m/s while simultaneously damping
vibrations and shocks from the impact therein.
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